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Description 

[0001] The present invention relates to a cathode for 
electron tubes such as cathode-ray tubes (CRT) used 
for television or information displays. 
[0002] As shown in FIG. 14, a conventional cathode 
for an electron tube includes a heater coil 1 01 , a cylin- 
drical sleeve 102 with the built-in heater coil 101, a metal 
substrate 103, containing nickel as a main component 
and a trace of reducing elements such as magnesium, 
at one opening of the sleeve 1 02, and an emissive ma- 
terial layer 1 04 adhered onto the substrate 1 03. For the 
emissive material layer 1 04, a material that includes as 
a main component an alkaline earth metal oxide con- 
taining barium is used as an oxide cathode. A phenom- 
enon is found that the emission current of such a cath- 
ode gradually decreases after long operation of several 
thousand hours due to the deterioration of emissive ma- 
terials. 

[0003] Therefore, a proposal has been tested to im- 
prove the life of a cathode by adding from 0.3 wt. % to 
15 wt. % of rare earth metals such as scandium oxide 
and yttrium oxide to an emissive material layer (Japa- 
nese Laid-open Patent Publication No. 62-22347). 
[0004] Another proposal also has been tested where- 
by zirconium oxide or hafnium oxide is added to an emis- 
sive material layer at from 0.1 wt. % to 10 wt. % so as 
to extend the life of a cathode (Japanese Laid-open Pat- 
ent Publication No. 2-195628). 

[0005] Due to the recent increase in current density 
accompanied by the improvement of CRT display prop- 
erties, there is a problem in that more and more load is 
added to a cathode, shortening the life of the cathode. 
Thus, a cathode has been demanded that has a longer 
life than conventional cathodes. 
[0006] It is, therefore, an object of the present inven- 
tion to provide a long-life cathode - particularly, a cath- 
ode for an electron tube that has little decrease in emis- 
sion current after long operation and has a sufficient life 
even if the current density is further increased in a CRT, 
and to provide a long-life and economical cathode for 
an electron tube. 

[0007] The present invention provides a cathode ac- 
cording to claim 1 for an electron tube in which an emis- 
sive material, having particles that include the oxide of 
an alkaline earth metal as a main component and at 
least one element selected from the group consisting of 
titanium, zirconium and hafnium, is adhered onto a met- 
al substrate including nickel as a main component. 
[0008] The present invention also provides a cathode 
according to claim 6 for an electron tube in which an 
emissive material, having particles that include the ox- 
ide of an alkaline earth metal as a main component and 
at least one element selected from the group consisting 
of vanadium, niobium and tantalum, is adhered onto a 
metal substrate including nickel as a main component. 
[0009] In the present invention, a long-life cathode for 
an electron tube is provided. Particularly, by adding, 



along with the oxide of an alkaline earth metal, at least 
one element selected from the group consisting of tita- 
nium, zirconium and hafnium to the emissive material of 
a cathode, the properties of the emissive material im- 

5 prove, especially in reducing the deterioration of the 
emission current under high current density. Also, an 
economical and long-life cathode with long emission 
current stability is provided by adding, along with the ox- 
ide of an alkaline earth metal, at least one element se- 

10 lected from the group consisting of vanadium, niobium 
and tantalum to the emissive material of the cathode. 
[0010] The present invention provides a method for 
manufacturing a cathode for an electron tube according 
to claim 1 2, including the step of thermally decomposing 

15 carbonate containing at least one element selected from 
the group consisting of titanium, zirconium, hafnium, va- 
nadium, niobium and tantalum and an alkaline earth 
metal so as to adhere an emissive material, containing 
the oxide of the alkaline earth metal as a main compo- 

20 nent and the above-noted element, onto a metal sub- 
strate including nickel as a main component. In this 
method, the element such as titanium is evenly provided 
in each particle of the alkaline earth metal oxide, so that 
a cathode with even emissive properties and stability is 

25 provided. 

[001 1 ] A first cathode of the present invention has an 
emissive material, comprising particles containing the 
oxide of an alkaline earth metal as a main component 
and at least one element selected from the group con- 

30 sisting of titanium, zirconium and hafnium, adhered onto 
a metal substrate including nickel as a main component. 
[0012] It is preferable in the first cathode that the total 
content of at least one element selected from the group 
consisting of titanium, zirconium and hafnium is from 

35 0.001 wt. % to 1 wt. %, or more preferably from 0.001 
wt. % to 0.1 wt. %, relative to the total weight of the emis- 
sive material. Therefore, the emissive properties of the 
cathode improve. The cathode can be used under high 
current density. 

40 [0013] It is also preferable in the first cathode that the 
emissive material further comprising particles of an al- 
kaline earth metal oxide. Thus, as described above, the 
cathode has improved emissive properties, and can be 
used under high current density. More specifically, it is 

45 preferable that the emissive material comprising the 
mixture of the particles containing the oxide of an alka- 
line earth metal as a main component and at least one 
element selected from the group consisting of titanium, 
zirconium and hafnium and the particles of an alkaline 

50 earth metal oxide. In this case, it is preferable that the 
particles containing the oxide of an alkaline earth metal 
as a main component and at least one element selected 
from the group consisting of titanium, zirconium and haf- 
nium are included at 20 wt. % to 80 wt. % relative to the 

55 total weight of the emissive material. As a result, the 
emissive properties of the cathode further improve. 
[001 4] A second cathode of the present invention has 
an emissive material comprising particles, containing 
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the oxide of an alkaline earth metal as a main compo- 
nent and at least one element selected from the group 
consisting of vanadium, niobium and tantalum, adhered 
onto a metal substrate including nickel as a main com- 
ponent. 

[0015] It is preferable in the second cathode that the 
content of the above-mentioned element is from 0.001 
wt. % to 5 wt. % relative to the total weight of the emis- 
sive material when the element is included as a metal. 
Thus, the emission current is stabilized for a long period, 
and the life of the cathode increases. 
[001 6] It is also preferable in the second cathode that 
the content of the element is from 0.002 wt. % to 6 wt. 
% relative to the total weight of the emissive material 
when the element is included as an oxide. Therefore, as 
mentioned above, the emission current would be stabi- 
lized for a long period, and an economical and long-life 
cathode is provided. In this case, it is further preferable 
that the oxide is in the form of particles having an aver- 
age particle diameter of 1 0 jam or less, so that the emis- 
sion current further stabilizes for a long period. 
[0017] The method of the present invention includes 
the step of thermally decomposing carbonate, contain- 
ing at least one element selected from the group con- 
sisting of titanium, zirconium, hafnium, vanadium, nio- 
bium and tantalum and an alkaline earth metal, so as to 
adhere the particles of an emissive material, containing 
the oxide of the alkaline earth metal as a main compo- 
nent and the element mentioned above, onto a metal 
substrate including nickel as a main component. In this 
method, the element such as titanium is evenly provided 
in each particle of the alkaline earth metal oxide, so that 
a cathode with even emissive properties and stability is 
provided. 

[0018] It is preferable in the method that the method 
further includes the step of coprecipitating, from a solu- 
tion including the nitrate of at least one element selected 
from the group consisting of titanium and zirconium and 
the nitrate of an alkaline earth metal, the above-men- 
tioned element and alkaline earth metal as carbonate. 
By this method, the residual impurities in the emissive 
material are significantly reduced, so that a decrease in 
emissive properties from impurities would be prevented. 
[0019] In this case, it is further preferable that the 
above-mentioned element and alkaline earth metal are 
coprecipitated as carbonate by mixing the solution con- 
taining the nitrate mentioned above with a solution in- 
cluding a carbonate ion (more preferably, a solution con- 
taining at least one salt selected from the group consist- 
ing of the carbonate of an alkaline metal, the hydrogen- 
carbonate of an alkaline metal, ammonium carbonate 
and ammonium hydrogencarbonate). 
[0020] In the accompanying drawings: 

FIG. 1 is a cross-sectional view showing an embod- 
iment of a schematic structure of a cathode of the 
present invention; 

FIG. 2 is a cross-sectional view showing another 



embodiment of a schematic structure of a cathode 
of the present invention; 

FIG. 3 is a cross-sectional view showing another 
embodiment of a schematic structure of an im- 
5 proved cathode which is not claimed; 

FIG. 4 is a graph showing the change in emission 
current with time in an embodiment of a cathode of 
the present invention; 

FIG. 5 is a graph showing the relationship between 
the content of zirconium and the change in emission 
current in an embodiment of a cathode of the 
present invention; 

FIG. 6 is a graph showing the change in emission 
current with time in an embodiment of a cathode of 
the present invention; 

FIG. 7 is a graph showing the change in emission 
current with time in an embodiment of a cathode of 
the present invention; 

FIG. 8 is a graph showing the relationship between 
the content of vanadium or vanadium oxide and the 
change in emission current in an embodiment of a 
cathode of the present invention; 
FIG. 9 is a graph showing the change in cut-off volt- 
age with time in an embodiment of a cathode of the 
present invention; 

FIG. 1 0 is a graph showing the change in emission 
current with time in an embodiment of a cathode of 
the present invention; 

FIG. 11 is agraph showing the relationship between 
the particle diameters of tantalum oxide and the 
change in emission current in an embodiment of a 
cathode of the present invention; 
FIG. 12 is a graph showing the change in emission 
current with time in an embodiment of a cathode of 
the present invention; 

FIG. 13 is a graph showing the change in emission 
current with time in an embodiment of a cathode of 
the present invention; and 

FIG. 14 is a cross-sectional view showing an em- 
bodiment of a schematic structure of a conventional 
cathode. 

[0021] The preferred embodiments of the present in- 
vention are now explained using the figures. 
[0022] FIG. 1 shows a schematic structure of one em- 
bodiment of a cathode of the present invention. The 
cathode includes a heater coil 1, a cylindrical sleeve 2 
with the built-in heater coil 1, a metal substrate 3 that 
contains nickel as a main component and a trace of re- 
ducing elements such as magnesium positioned at one 
opening of the sleeve 2, and an emissive material layer, 
comprising particles 5 containing barium and an alkaline 
earth metal oxide as a main component, adhered onto 
the substrate 3. Each particle includes at least one ele- 
ment selected from the group consisting of titanium, zir- 
conium and hafnium. 

[0023] FIG. 2 shows a schematic structure of another 
embodiment of a cathode of the present invention. In 
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this case, an emissive material layer comprises particles 
5, containing an alkaline earth metal oxide as a main 
component and titanium and the like, and particles 6 of 
alkaline earth metal oxides. 

[0024] Therefore, the emissive material layers shown 
in FIG. 1 and FIG. 2 that are adhered onto a substrate 
as the particles 5 and 6 are different from the conven- 
tional emissive material layer 4 shown in FIG. 14. 
[0025] FIG. 3 shows a schematic structure of another 
embodiment of an improved cathode. As in FIG. 1 , the 
cathode shown in FIG. 3 includes a heater coil 1 , a cy- 
lindrical sleeve 2 with the built-in heater coil 1, a metal 
substrate 3 that contains nickel as a main component 
and a trace of reducing elements such as magnesium 
positioned at one opening of the sleeve 2, and an emis- 
sive material layer including an alkaline earth metal ox- 
ide 7 containing barium and at least one metal selected 
from the group consisting of vanadium, niobium and tan- 
talum (or an oxide thereof) 8, adhered onto the sub- 
strate 3. 

[0026] The present invention is explained in further 
detail by referring to the following examples, which are 
not intended to limit this invention. 

Example 1 

[0027] Zirconium nitrate was dissolved in a solution of 
alkaline earth metal nitrate, including barium nitrate and 
strontium nitrate, so as to have a content of zirconium 
atoms of 0.02 mole % (mole ratio relative to the entire 
amount of alkaline earth metal), thus preparing a mixed 
solution. A solution of sodium carbonate was added to 
this mixed solution, thereby preparing ternary (barium/ 
strontium/zirconium) coprecipitated carbonate particles 
in which each particle includes zirconium atoms at an 
average of 0.02 mole %. Instead of zirconium nitrate, 
zirconium (IV) dinitrate oxide may be used. Similarly, the 
carbonate or the hydrogencarbonate of an alkaline met- 
al, ammonium carbonate, or ammonium hydrogencar- 
bonate may be used instead of sodium carbonate. 
[0028] The ternary coprecipitated carbonate particles 
were adhered onto a cathode substrate in a thickness 
of about 50 |Lim, and were thermally decomposed in a 
vacuum at 930°C. As a result, a cathode having the 
same structure as in FIG. 1 was provided that had an 
emissive material layer including ternary (barium/stron- 
tium/zirconium) oxide particles (with 0.015 wt. % aver- 
age content of zirconium). 

[0029] In the above-mentioned method for manufac- 
turing the cathode, titanium nitrate or hafnium chloride 
was used instead of zirconium nitrate so as to provide 
a cathode having the same structure as in FIG. 1 and 
having an emissive material layer including barium/ 
strontium/titanium or barium/strontium/hafnium oxide 
particles with 0.015 wt. % average content of titanium 
atoms or hafnium atoms. 

[0030] The cathode prepared as described above 
was used in a CRT for displays, and an accelerated life 



test was carried out for 2,000 hours while the current 
density of the CRT was set at 2. OA/cm 2 at the beginning 
of the operation. 

[0031] FIG. 4 shows the change in emission current 
5 with time in the accelerated life test. Line A in the figure 
shows the result in the case of the cathode having an 
emissive material layer including barium/strontium/tita- 
nium coprecipitated oxide particles; line B indicates the 
result in the case of the cathode having an emissive ma- 
10 terial layer including barium/strontium/zirconium copre- 
cipitated oxide particles;-line C shows the result in the 
case of the cathode having an emissive material layer 
including barium/strontium/hafnium coprecipitated ox- 
ide particles; and line (a) indicates the result in the case 
15 of a conventional cathode having an emissive material 
layer containing the particles of an alkaline earth metal 
oxide. 

[0032] As clearly shown in FIG. 4, the decrease in 
emission current of the cathode by the accelerated life 

20 test is smaller than that of the conventional cathode 
when titanium, zirconium or hafnium is included in each 
particle of the alkaline earth metal oxide, thus improving 
the life of the cathode. Particularly, when the particles 
of an alkaline earth metal oxide in which titanium or zir- 

25 conium is coprecipitated are used for an emissive ma- 
terial layer, the decrease in emission current would be 
reduced significantly. This is because nitrate is used as 
a material in preparing carbonate particles, so that much 
less residual impurities are found in the emissive mate- 

30 rial layer than in the case of using the chlorides as a 
starting material. (The impurities are chlorine when us- 
ing chloride as a starting material.) 
[0033] Also, conventional cathodes require several 
minutes to stabilize the emission current after electric 

35 discharge begins. During this period, a phenomenon 
(called emission slump) of gradually decreasing emis- 
sion current is found. The emission slump of the cathode 
prepared by coprecipitating zirconium or hafnium is 
about half as much as that of conventional cathodes, 

40 thus providing a highly stable electron emission. There- 
fore, in order to improve the life of a cathode and also 
reduce the emission slump, it is preferable that zirconi- 
um is coprecipitated in preparing carbonate particles. 
[0034] As shown in FIG. 5, the effect of increasing the 

45 life of a cathode is found when the content of titanium, 
zirconium or hafnium is from 0.001 wt. % to 1 wt. % , 
more preferably from 0.001 wt. % to 0.1 wt. %, relative 
to the total weight of the emissive material layer. 
[0035] Although binary (barium/strontium) alkaline 

50 earth metals were used for oxide particles in this exam- 
ple, the same effects were also found in using ternary 
(barium/strontium/calcium) alkaline earth metals. This is 
also true in the following examples. 



[0036] Zirconium nitrate was dissolved in a solution of 
alkaline earth metal nitrate, including barium nitrate and 
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strontium nitrate, at 0.04 mole % relative to the entire 
alkaline earth metal (at 0.03 wt. % relative to the parti- 
cles of the alkaline earth metal oxide), thus preparing a 
mixed solution. A solution of sodium carbonate was add- 
ed to this mixed solution, thereby precipitating ternary 
(barium/strontium/zirconium) carbonate particles in 
which zirconium atoms are contained at an average of 
0.04 mole %. On the other hand, a solution of sodium 
carbonate was added to a mixed solution of barium ni- 
trate and strontium nitrate for precipitation, thus provid- 
ing particles of binary (barium/strontium) carbonate. 
[0037] The ternary carbonate particles and the binary 
carbonate particles were mixed at a 1 :1 weight ratio so 
as to prepare a mixed material of carbonate particles 
containing zirconium and carbonate particles containing 
no zirconium. The mixed material was adhered onto a 
cathode substrate in a thickness of about 50 jum, and 
was thermally decomposed in a vacuum at 930°C. 
Thus, a cathode was provided that had an emissive ma- 
terial layer including the mixed material of ternary (bar- 
ium/strontium/zirconium) oxide particles 5 and binary 
(barium/strontium) oxide particles 6 as shown in FIG. 2. 
[0038] The cathode prepared as described above 
was used in a CRT for displays, and an accelerated life 
test was carried out for 2,000 hours while the current 
density of the CRT was set at2.7A/cm 2 atthe beginning 
of the operation. 

[0039] FIG. 6 shows the change in emission current 
with time in the accelerated life test. In the figure, line D 
shows the result in the case of the cathode that has an 
emissive material layer including the mixed material of 
the ternary (barium/strontium/zirconium) oxide particles 
and the binary (barium/strontium) oxide particles; and 
line (b) shows the result in the case of the cathode that 
has an emissive material layer including only the mixed 
material of the ternary (barium/strontium/zirconium) ox- 
ide particles. As clearly shown in FIG. 6, the decrease 
in emission current of the cathode by the accelerated 
life test is reduced when an emissive material layer in- 
cludes the mixed material of the oxide particles contain- 
ing zirconium and those containing no zirconium, thus 
increasing the life of the tube. The same results were 
also obtained when titanium or hafnium was used in- 
stead of zirconium. 

[0040] The effect of improving the life of a cathode 
was found when the particles of the alkaline earth metal 
oxide containing titanium, zirconium or hafnium were 
contained at 20 wt. % to 80 wt. % relative to the total 
weight of an emissive material layer. 

Example 3 (not forming part of the present invention) 

[0041] To binary carbonate containing barium and 
strontium at a 1 :1 mole ratio, 0.8 wt. % (relative to the 
binary carbonate) of vanadium (1.1 wt. % relative to an 
emissive material layer) or 1 .0 wt. % (relative to the bi- 
nary carbonate) of vanadium oxide (1.3 wt. % relative 
to the emissive material layer) was added, thus prepar- 



ing a mixed material of barium/strontium carbonate and 
vanadium or vanadium oxide. The mixed material was 
adhered onto a cathode substrate in a thickness of 
about 50 |^m, and was thermally decomposed in a vac- 
5 uum at 930°C. Thus, a cathode having the same struc- 
ture as in FIG. 3 was provided that had an emissive ma- 
terial layer containing barium/strontium oxide and vana- 
dium or vanadium oxide 

[0042] The cathode prepared as described above 
was used in a CRT for displays, and an accelerated life 
test was carried out for 2,000 hours while the current 
density of the CRT was set at 2. OA/cm 2 at the beginning 
of the operation. 

[0043] FIG. 7 shows the change in emission current 
with time in the accelerated life test. In the figure, line E 
shows the result in the case of the cathode in which va- 
nadium was added to the emissive material layer; line 
F indicates the result in the case of the cathode in which 
vanadium oxide was added to the emissive material lay- 
er; and line (a) shows the result in the case of a conven- 
tional cathode in which an emissive material layer is 
made only of an alkaline earth metal oxide. Compared 
with the conventional cathode, the deterioration of emis- 
sion current of the cathode by the accelerated life test 
is significantly reduced as clearly shown in FIG. 7 when 
vanadium or vanadium oxide is added to the emissive 
material layer, thereby increasing the life of the tube. Es- 
pecially with the use of vanadium oxide, the effects are 
significant, with little decrease in emission current. 
[0044] Also, vanadium and vanadium oxide can be 
obtained easily in the industry, and are economical. 
Thus, by adding vanadium or vanadium oxide to an 
emissive material layer, an economical and long-life 
cathode is provided. 

[0045] As shown in FIG. 8, the effects of reducing the 
deterioration of emission current were obtained effec- 
tively when the contents of vanadium and vanadium ox- 
ide were 0.001 wt. % to 5 wt. % and 0.002 wt. % to 6 wt. 
% respectively, relative to the entire weight of the emis- 
sive material layer. As shown in this example, the best 
effects were obtained particularly when the contents of 
vanadium and vanadium oxide were about 1 .1 wt. % and 
about 1 .3 wt. % respectively relative to the total weight 
of the emissive material layer. 

Example 4 (not forming part of the present invention) 

[0046] In the processes for manufacturing the cath- 
ode of Example 3, a mixed material was prepared by 
adding niobium oxide, instead of vanadium oxide, at 1 
wt. % relative to barium/strontium carbonate (1 .3 wt. % 
relative to an emissive material layer). The mixed ma- 
terial was adhered onto a cathode substrate in a thick- 
ness of about 50 jum, and was then thermally decom- 
posed at 930°C in a vacuum. As a result, a cathode was 
provided that had an emissive material layer including 
barium/strontium oxide and niobium oxide. 
[0047] The cathode prepared as described above 
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was used in a CRT for displays, and an accelerated life 
test was carried out for 2,000 hours while current density 
was set at 2. OA/cm 2 at the beginning of the operation. 
Regarding the deterioration of the emission current, the 
same results as in the case of adding vanadium oxide 
were obtained, thus increasing the life of the cathode. 
[0048] The cathode of this example also has the prop- 
erties of limiting the heat contraction of the emissive ma- 
terial layer. As a result, the change in cut-off voltage was 
reduced. The above-noted cut-off voltage indicates the 
cathode voltage for cutting off emission current, and the 
value of the voltage changes due to the heat contraction 
of an emissive material layer. 

[0049] FIG. 9 shows the change in cut-off voltage with 
time in the accelerated life test. In the figure, line G in- 
dicates the result in the case of the cathode of this ex- 
ample in which niobium oxide was added to the emissive 
material layer; and line (a) indicates the result of a con- 
ventional cathode without niobium oxide. As clearly 
shown in FIG. 9, the change in cut-off voltage by the 
accelerated life test becomes small when niobium oxide 
is added to the emissive material layer. In this example, 
niobium oxide was added to the emissive material layer, 
but the same results are obtained when niobium is used 
instead. Like vanadium, niobium and niobium oxide eas- 
ily can be obtained in the industry and are also econom- 
ical. Thus, by adding niobium or niobium oxide to the 
emissive material layer, an economical cathode is pro- 
vided. 

[0050] Similar to the contents of vanadium and vana- 
dium oxide mentioned in Example 3, the contents of nio- 
bium and niobium oxide relative to the emissive material 
layer are 0.001 wt. % to 5 wt. % and 0.002 wt. % to 6 
wt. % respectively, so that the effect of reducing the de- 
terioration of emission current is obtained. 

Example 5 (not forming part of the present invention) 

[0051] In the processes for manufacturing the cath- 
ode of Example 3, a mixed material was prepared by 
adding tantalum oxide, instead of vanadium oxide, at 1 
wt. % relative to barium/strontium carbonate (1 .3 wt. % 
relative to an emissive material layer). The mixed ma- 
terial was adhered onto a cathode substrate in a thick- 
ness of about 50 |um, and was then thermally decom- 
posed at 930°C in a vacuum. As a result, a cathode was 
provided that had an emissive material layer including 
barium/strontium oxide and tantalum oxide. 
[0052] The cathode prepared as described above 
was used in a CRT for displays, and an accelerated life 
test was carried out for 2,000 hours while the current 
density was set at 2.7A/cm 2 at the beginning of the op- 
eration. 

[0053] FIG. 1 0 shows the change in emission current 
with time in the accelerated life test. In the figure, line H 
indicates the result of the cathode of this example in 
which tantalum oxide was added to the emissive mate- 
rial layer; and line (c) shows the result of a conventional 



cathode. As clearly shown in FIG. 10, the cathode has 
a much smaller decrease in emission voltage in the ac- 
celerated life test than the conventional cathode when 
tantalum oxide was added to the emissive material lay- 
5 er, so that the life of the cathode improves. In this ex- 
ample, tantalum oxide was added to the emissive ma- 
terial layer, but the same results are obtained when tan- 
talum is used instead. 

[0054] Tantalum and tantalum oxide easily can be ob- 
10 tained in the industry and are also economical. Thus, by 
adding tantalum or tantalum oxide to the emissive ma- 
terial layer, an economical cathode is provided. Similar 
to the contents of vanadium and vanadium oxide men- 
tioned in Example 3, the contents of tantalum and tan- 
15 talum oxide relative to the emissive material layer are 
0.001 wt. % to 5 wt. % and 0.002 wt. % to 6 wt. % re- 
spectively, so that the effect of limiting the decrease in 
emission current is obtained. 

[0055] When vanadium oxide, niobium oxide or tan- 
20 talum oxide are added to the emissive material layer in 
particle form, the decrease in emission current is found 
to be different depending on particle diameter. FIG. 11 
shows the relationship between the average particle di- 
ameter of tantalum oxide and emission current (%) after 
25 2,000 hours of testing, wherein the emission current is 
100% at the beginning of the accelerated life test. Ac- 
cording to the figure, the decrease in emission current 
was prevented effectively when the average particle di- 
ameter of tantalum oxide was 1 0 jum or less. 
30 [0056] The same results were obtained when the par- 
ticles of vanadium oxide or niobium oxide were added 
to the emissive material layer. Therefore, in adding va- 
nadium oxide, niobium oxide or tantalum oxide into an 
emissive material layer in particle form, the average par- 
35 tide diameter is preferably 1 0 jum or less. 

Example 6 

[0057] To a nitrate solution of barium and strontium 
40 (1 ;1 mole ratio) containing vanadium nitrate at 0.01 mole 
% relative to the total amount of the nitrate in the solu- 
tion, a solution of sodium carbonate was added, thus 
preparing the ternary coprecipitated carbonate of bari- 
um/strontium/vanadium containing vanadium at 0.01 
45 mole %. The carbonate was adhered onto a cathode 
substrate in a thickness of about 50 jum, and was ther- 
mally decomposed in a vacuum at 930°C. Thus, a cath- 
ode was provided that had an emissive material layer, 
made of barium barium/strontium/vanadium oxide con- 
50 taining vanadium at 0.004 wt. %. 

[0058] The cathode prepared as described above 
was used in a CRT for displays, and an accelerated life 
test was carried out for 2,000 hours while the current 
density of the CRT was set at 2. OA/cm 2 at the beginning 
55 of the operation. FIG. 1 2 shows the change in emission 
current with time in the accelerated life test. In the figure, 
line I indicates the result in the case of the cathode hav- 
ing the emissive material layer in which vanadium was 
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2. A cathode according to claim 1 , characterized in 
that the emissive material comprises the element 
at 0.001 wt. % to 1 wt. % relative to the total weight 
of the emissive material. 

5 

3. A cathode according to claim 2, characterized in 
that the emissive material comprises the element 
at 0.001 wt. %to 0.1 wt. %. 

10 4. A cathode according to claim 1, characterized in 
that the emissive material comprises particles con- 
sisting of an alkaline earth metal oxide. 

5. A cathode according to claim 4, characterized in 
15 that the particles that include the earth metal oxide 
as a main component and the element are present 
in an amount of 20 wt. % to 80 wt. % to the total 
weight of the emissive material. 

20 6. A cathode for a cathode ray tube having an emis- 
sive material adhered onto a metal substrate com- 
prising nickel as a main component, characterized 
in that the emissive material comprises particles, 
wherein each particle includes an alkaline earth 

25 metal oxide as a main component and at least one 
element selected from the group consisting of va- 
nadium, niobium and tantalum. 

7. A cathode according to claim 6, characterized in 
30 that the emissive material comprises the element 

as a metal. 

8. A cathode according to claim 7, characterized in 
that the emissive material comprises the metal at 

35 0.0001 wt. % to 5 wt. % relative to the total weight 
of the emissive material. 

9. A cathode according to claim 6, characterized in 
that the emissive material comprises the element 

40 as an oxide. 



coprecipitated. 

[0059] As clearly shown in FIG. 12, the decrease in 
emission current in the accelerated life test becomes 
small when vanadium is coprecipitated in the emissive 
material layer, so that the life of the cathode improves. 
The same results were also obtained when niobium ni- 
trate was used instead of vanadium nitrate to form an 
emissive material layer of a barium barium/strontium/ 
niobium coprecipitated oxide. The effect of reducing the 
deterioration of emission current was obtained effective- 
ly in this example when vanadium and niobium were 
contained in a range of 0.001 wt. % to 1 wt. % relative 
to the emissive material layer. 

Example 7 

[0060] Into a nitrate solution of barium and strontium 
(1 :1 mole ratio), tantalum was dissolved at 0.01 mole % 
relative to the whole nitrate solution. Then, a solution of 
sodium carbonate was added, thus preparing a copre- 
cipitated material of tantalum and barium/strontium car- 
bonate containing tantalum at 0.01 mole %. 
[0061] The coprecipitated material was adhered onto 
a cathode substrate at a thickness of about 50 and 
was thermally decomposed in a vacuum at 930°C. 
Thus, a cathode was provided that had an emissive ma- 
terial layer made of barium/strontium oxide containing 
tantalum at 0.014 wt. %. 

[0062] The cathode prepared as described above 
was used in a CRT for displays, and an accelerated life 
test was carried out for 2,000 hours while the current 
density of the CRT was set at 2.7A/cm 2 at the beginning 
of the operation. 

[0063] FIG. 1 3 shows the change in the emission cur- 
rent with time in the accelerated life test. In the figure, 
line J indicates the test result of the cathode having the 
emissive material layer in which tantalum was coprecip- 
itated. As clearly shown in FIG. 13, the decrease in 
emission current by the accelerated life test becomes 
small when tantalum is coprecipitated in the emissive 
material layer, so that the life of the cathode increases. 
The effect of reducing the deterioration of the emission 
current was obtained effectively in this example when 
the content of tantalum was from 0.001 wt. % to 1 wt. % 
relative to the emissive material layer. 



Claims 

1. A cathode for a cathode ray tube having an emis- 
sive material adhered onto a metal substrate com- 
prising nickel as a main component, characterized 
in that the emissive material comprises particles, 
wherein each particle includes an alkaline earth 
metal oxide as a main component and at least one 
element selected from the group consisting of tita- 
nium, zirconium and hafnium. 



10. A cathode according to claim 9, characterized in 

that the emissive material comprises the oxide at 
0.002 wt. % to 6 wt. % relative to the total weight of 
45 the emissive material. 

11. A cathode according to claim 9, characterized in 

that the emissive material comprises the oxide as 
particles having an average particle diameter of 10 
50 jum or less. 

1 2. A method for manufacturing a cathode for a cathode 
ray tube, characterized in that it comprises the 
step of thermally decomposing carbonate compris- 
es jng an alkaline earth metal and at least one element 

selected from the group consisting of titanium, zir- 
conium, hafnium, vanadium, niobium and tantalum, 
so as to adhere an emissive material in particle form 
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onto a metal substrate comprising nickel as a main 
component, wherein each particle of the emissive 
material obtained from the carbonate includes an 
oxide of the alkaline earth metal as a main compo- 
nent and the element. 

13. A method according to claim 12, characterized in 
that the carbonate is thermally decomposed in a 
vacuum. 

14. A method according to claim 12, characterized in 
that it further comprises the step of coprecipitating, 
from a solution comprising a nitrate of at least one 
element selected from the group consisting of va- 
nadium, niobium, titanium and zirconium, and a ni- 
trate of an alkaline earth metal, the element and the 
alkaline earth metal as carbonate. 

15. A method according to claim 14, characterized in 
that the element and the alkaline earth metal are 
coprecipitated as carbonate by mixing the nitrate 
solution with a solution comprising a carbonate ion. 

16. A method according to claim 15, characterized in 
that the solution comprising a carbonate ion is a so- 
lution comprising at least one salt selected from the 
group consisting of carbonate of an alkaline metal, 
hydrogencarbonate of an alkaline metal, ammoni- 
um carbonate and ammonium hydrogencarbonate. 

17. A method according to claim 12, characterized in 
that it further comprises the step of mixing a solu- 
tion comprising a carbonate of an alkaline earth 
metal and tantalum with a solution comprising a ni- 
trate of an alkaline earth metal so as to coprecipitate 
the tantalum and the alkaline earth metal as carbon- 
ate. 

18. A cathode according to claims 1 or 6, character- 
ized in that the particles are obtained by thermally 
decomposing carbonate including the alkaline earth 
metal and the element. 



ment zu 0,001 Gew.-% bis 1 Gew.-% bezogen auf 
das Gesamtgewicht auf das Emissionsmaterial um- 
fasst. 

5 3. Kathode gemaG Anspruch 2, dadurch gekenn- 
zeichnet, dass das Emissionsmaterial das Ele- 
ment zu 0,001 Gew.-% bis 0,1 Gew.-% umfasst. 

4. Kathode gemaG Anspruch 1, dadurch gekenn- 
10 zeichnet, dass das Emissionsmaterial Teilchen 

umfasst, welche aus einem Erdalkalimetalloxid be- 
stehen. 

5. Kathode gemaG Anspruch 4, dadurch gekenn- 
15 zeichnet, dass die Teilchen, welche das Erdalkali- 
metalloxid als eine Hauptkomponente beinhalten, 
und das Element in einer Menge von 20 Gew.-% bis 
80 Gew.-% zum Gesamtgewicht des Emissionsma- 
teriales darstellen. 

20 

6. Kathode fur eine Kathodenstahlrohre mit einem auf 
einem Metallsubstrat, das Nickel als ein Hauptkom- 
ponente umfasst, haftenden Emissionsmaterial, 
dadurch gekennzeichnet, dass das Emissions- 

25 material Teilchen umfasst, wobei jedes Teilchen ein 
Erdalkalimetalloxid als eine Hauptkomponente be- 
inhaltet und wenigstens ein Element, ausgewahlt 
aus der Gruppe, bestehend aus Vanadin, Niob und 
Tantal. 

30 

7. Kathode gemaG Anspruch 6, dadurch gekenn- 
zeichnet, dass das Emissionsmaterial das Ele- 
ment als ein Metall umfasst. 

35 8. Kathode gemaG Anspruch 7, dadurch gekenn- 
zeichnet, dass das Emissionsmaterial das Metall 
zu 0,0001 Gew.-% bis 5 Gew.-% bezogen auf das 
Gesamtgewicht des Emissionsmaterials umfasst. 

40 9. Kathode gemaG Anspruch 6, dadurch gekenn- 
zeichnet, dass das Emissionsmaterial das Ele- 
ment als ein Oxid umfasst. 



Patentanspruche 

1. Kathode fur eine Kathodenstrahlrohre mit einem 
auf einem Metallsubstrat, das Nickel als eine 
Hauptkomponente umfasst, haftenden Emissions- 
material, dadurch gekennzeichnet, dass das 
Emissionsmaterial Teilchen umfasst, wobei jedes 
Teilchen ein Erdalkalimetalloxid als eine Hauptkom- 
ponente und wenigstens ein Element umfasst, das 
aus der Gruppe bestehend aus Titan, Zirkon und 
Hafnium ausgewahlt ist. 

2. Kathode gemaG Anspruch 1, dadurch gekenn- 
zeichnet, dass das Emissionsmaterial das Ele- 



10. Kathode gemaG Anspruch 9, dadurch gekenn- 
45 zeichnet, dass das Emissionsmaterial das Oxid zu 

0,002 Gew.-% bis 6 Gew.-% bezogen auf das Ge- 
samtgewicht des Emissionsmateriales umfasst. 

11. Kathode gemaG Anspruch 9, dadurch gekenn- 
50 zeichnet, dass das Emissionsmaterial das Oxid als 

Teilchen mit einem mittleren Teilchen Durchmesser 
von 1 0 urn oder weniger umfasst. 

12. Verfahren zur Herstellung einer Kathode fur eine 
55 Kathodenstrahlrohre, dadurch gekennzeichnet, 

dass es die Stufe der thermischen Zersetzung von 
Carbonat, umfassend ein Erdalkalimetall und we- 
nigstens ein Element, ausgewahlt aus der Gruppe, 
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bestehend aus Titan, Zirkon, Hafnium, Vanadin, Ni- 
ob und Tantal, umfasst, um ein Emissionsmaterial 
in Teilchenform auf einem Metallsubstrat, umfas- 
send Nickel als eine Hauptkomponente, aufzubrin- 
gen, wobei jedes Teilchen des Emissionsmateria- 
les, erhalten aus dem Carbonat, ein Oxid des Erd- 
alkalimetalles als eine Hauptkomponente und das 
Element beinhaltet. 

13. Verfahren nach Anspruch 12, dadurch gekenn- 
zeichnet, dass das Carbonat thermisch im Vakuum 
zersetzt wird. 

14. Verfahren gemaG Anspruch 12, dadurch gekenn- 
zeichnet, dass es des Weiteren die Stufe der Co- 
prazipitierung aus einer Losung, umfassend ein Ni- 
trat wenigstens eines Elementes, ausgewahlt aus 
der Gruppe, bestehend aus Vanadin, Niob, Titan, 
Zirkon, und ein Nitrat eines Erdalkalimetalles, das 
Element und das Erdalkalimetall als Carbonat, um- 
fasst. 

15. Verfahren nach Anspruch 14, dadurch gekenn- 
zeichnet, dass das Element und das Erdalkalime- 
tall als Carbonat durch mischen der Nitratlosung mit 
einer Losung, umfassend ein Carbonation, copra- 
zipitiert werden. 

16. Verfahren nach Anspruch 15, dadurch gekenn- 
zeichnet, dass die ein Carbonation umfassende 
Losung eine Losung ist, welche wenigstens ein 
Salz umfasst, ausgewahlt aus der Gruppe, beste- 
hend aus einem Carbonat eines Alkalimetalles, ei- 
nem Hydrogencarbonat eines Alkalimetalles, ei- 
nem Ammoniumcarbonat und einem Ammonium- 
hydrogencarbonat. 

17. Verfahren gemaB Anspruch 12, dadurch gekenn- 
zeichnet, dass es des Weiteren die Stufe des Mi- 
schens einer Losung, umfassend ein Erdalkalime- 
tall- und Tantalcarbonat, mit einer Losung, umfas- 
send ein Erdalkalimetallnitrat, umfasst, um das Tan- 
tal und das Erdalkalimetall als Carbonat zu Copra- 
zipitieren. 

18. Kathode gemaG Anspruch 1 oder 6, dadurch ge- 
kennzeichnet, dass die Teilchen durch thermische 
Zersetzung von Carbonat, umfassend das Erdalka- 
limetall und das Element, erhalten werden. 



Revendications 

1. Cathode pour tube a rayons cathodiques ayant un 
materiau emissif mis a adherer sur un substrat me- 
tallique comprenant du nickel comme composant 
principal, caracterisee en ce que le materiau emis- 
sif comprend des particules, dans lequel chaque 



particule inclut un oxyde de metal alcalino-terreux 
comme composant principal et au moins un ele- 
ment choisi dans le groupe qui est constitue de ti- 
tane, zirconium et hafnium. 

5 

2. Cathode selon la revendication 1 , caracterisee en 
ce que le materiau emissif comprend I'element a 
0,001 % en poids a 1 % en poids par rapport au 
poids total du materiau emissif. 

10 

3. Cathode selon la revendication 2, caracterisee en 
ce que le materiau emissif comprend I'element a 
0,001 % en poids a 0,1 % en poids. 

15 4. Cathode selon la revendication 1 , caracterisee en 
ce que le materiau emissif comprend des particules 
qui sont constitutes d'un oxyde de metal alcalino- 
terreux. 

20 5. Cathode selon la revendication 4, caracterisee en 
ce que les particules qui incluent I'oxyde de metal 
terreux comme composant principal et I'element 
sont presents en une teneur de 20 % en poids a 80 
% en poids du poids total du materiau emissif. 

25 

6. Cathode pour tube a rayons cathodiques ayant un 
materiau emissif mis a adherer sur un substrat me- 
tallique comprenant du nickel comme composant 
principal, caracterisee en ceque le materiau emis- 

30 sif comprend des particules dans lequel chaque 
particule inclut un oxyde de metal alcalino-terreux 
comme composant principal et au moins un ele- 
ment choisi dans le groupe qui est constitue de va- 
nadium, niobium et tantale. 

35 

7. Cathode selon la revendication 6, caracterisee en 
ce que le materiau emissif comprend I'element 
comme metal. 

40 8. Cathode selon la revendication 7, caracterisee en 
ce que le materiau emissif comprend le metal a 
0,0001 % en poids a 5 % en poids par rapport au 
poids total du materiau emissif. 

45 9. Cathode selon la revendication 6, caracterisee en 
ce que le materiau emissif comprend I'element 
comme oxyde. 

10. Cathode selon la revendication 9, caracterisee en 
50 ce que le materiau emissif comprend I'oxyde a 

0,002 % en poids a 6 % en poids par rapport au 
poids total de materiau emissif. 

1 1 . Cathode selon la revendication 9, caracterisee en 
55 ce que le materiau emissif comprend I'oxyde com- 
me des particules ayant un diametre particulaire 
moyen de 10 jum ou moins. 
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12. Procede pour fabriquer une cathode pour un tube 
a rayons cathodiques, caracterise en ce qu'il com- 
prend I'etape consistant a decomposer thermique- 
ment le carbonate comprenant un metal alcalino- 
terreux et au moins un element choisi dans le grou- 5 
pe constitue de titane, zirconium, hafnium, vana- 
dium, niobium et tantale, de facon a mettre a adhe- 
rer un materiau emissif sous forme particulaire sous 

un substrat metallique comprenant du nickel com- 
me composant principal, dans lequel chaque parti- 10 
cule du materiau emissif obtenu a partir du carbo- 
nate inclut un oxyde du metal alcalino-terreux com- 
me composant principal et I'element. 

13. Procede selon la revendication 12, caracterise en 15 
ce que le carbonate est decompose thermiquement 
sous vide. 

14. Procede selon la revendication 12, caracterise en 

ce qu'il comprend, en outre, I'etape consistant a co- 20 
precipiter, a partir d'une solution comprenant un ni- 
trate d'au moins un element choisi dans le groupe 
qui est constitue de vanadium, niobium, titane etzir- 
conium, et un nitrate d'un metal alcalino-terreux, 
I'element et le metal alcalino-terreux comme carbo- 25 
nate. 

1 5. Procede selon la revendication 1 4, caracterise en 
ce que i'element et le metal alcalino-terreux sont 
coprecipites comme carbonate en melangeant la 30 
solution de nitrate avec une solution comprenant un 

ion carbonate. 

16. Procede selon la revendication 15, caracterise en 

ce que la solution comprenant un ion carbonate est 35 
une solution comprenant au moins un sel choisi 
dans le groupe qui est constitue du carbonate d'un 
metal alcalin, de I'hydrogenocarbonate d'un metal 
alcalin, du carbonate d'ammonium et de I'hydroge- 
nocarbonate d'ammonium. 40 

17. Procede selon la revendication 12, caracterise en 
ce qu'il comprend, en outre, I'etape consistant a 
melanger une solution comprenant un carbonate 
d'un metal alcalino-terreux et du tantale a une so- 45 
lution comprenant un nitrate d'un metal alcalino-ter- 
reux de facon a copreciter le tantale et le metal al- 
calino-terreux comme carbonate. 

18. Cathode selon la revendication 1 ou 6, caracteri- 50 
see en ce que les particules sont obtenues en de- 
composant thermiquement le carbonate incluant le 
metal alcalino-terreux et I'element. 
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FIG. 2 
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FIG. 3 
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FIG . 4 
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FIG. 5 
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FIG. 6 
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FIG. 8 
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FIG. 9 
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FIG. 11 
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FIG. 12 
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